SUMMARY The frequency of thalassaemia syndromes in Sardinia was examined by a population survey. The data indicate that about 12.6% of the Sardinian subjects are carriers of,B-thalassaemia, while 6.9% of the population carries an -thalassaemia gene, with a slight difference between the various provinces. These are among the highest frequencies of thalassaemia genes found in a Caucasian population today.
The incidence and distribution of thalassaemia syndromes in Sardinia have been previously investigated (Silvestroni and Bianco, 1960; Carcassi, 1963; Siniscalco et al., 1966) . However, the osmotic fragility test and the examination of blood smears have usually been the only tests used in these population surveys. Therefore, there is no clear data on the extent of heterogeneity of thalassaemia syndromes in this island.
Recently, in a group of 233 people from the Cagliari province, randomly selected on the basis of Hb Al/Hb A2 ratio, Terrenato (1973) and Hb F, with a frequency of 8.2. According to the author, the members of this last group were probably ac-thalassaemia carriers.
The present study was undertaken in order to obtain information on the frequency and distribution of thalassaemia carriers in Sardinia.
Received for publication 4 (Huisman et al., 1975) . The one-tube osmotic fragility test using 04% buffered NaCl was performed using the method of Silvestroni and Bianco (1945) . Hb F was measured by alkali denaturation (Betke et al., 1959) , and serum iron and iron binding capacity by the method of Lauber (1965) . Hb (Galanello et al., 1977) . Hb A2 levels were determined in all subjects, since in our experience and in accordance with the data of other authors (Pootrakul et al., 1973; Pearson et al., 1974; Mazza et al., 1976) In a group of 20 randomly selected subjects showing these thalassaemia-like red cell indices, globin chain synthesis studies gave an a/fl ratio of 0.66 ± 0.10 (unpublished results). In these subjects identified as a-thalassaemia carriers on the basis of al# ratio, the percentage of positive Hb H inclusion body tests was found to be similar.
Nevertheless, it is possible that some cases categorised as having a-thalassaemia were in part carriers of fl-thalassaemia with normal levels of haemoglobin A2 and F (3f+-thalassaemia).
Results

THALASSAEMIA CARRIER FREQUEN'CY AND DISTRIBUTION
The results are summarised in the Table. In the Cagliari and Oristano provinces (Southern Sardinia), 12.9% of the 2400 people tested were found to have the f.l-thalassaemia trait and 6.6% the cr-thalassaemia trait.
Three subjects with the L1P1-thalassaemia trait, one with the sickle cell trait, and two carriers of Hb J Sardegna were observed.
In addition, 6 people with normal haematological findings, normal osmotic fragility, and Hb A2 levels ranging from 2.17 to 2*87% had Hb F levels ranging from 1 5 to 5.2%, heterogeneously distributed.
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The In these 2 years the number of live births in the Cagliari and Oristano provinces was 16 083 and 15 163, respectively. The newborn incidence of Cooley's anaemia in the Cagliari and Oristano provinces is, therefore, 1 in 300.
Discussion
The fl-thalassaemia carrier frequency found in our study gives a gene frequency of 0.065, which is in accordance with the figure of 0.05 observed by Terrenato (1973) .
This frequency is much lower than previous estimates (Silvestroni and Bianco, 1960; Carcassi, 1963; Siniscalco et al., 1966) . With this frequency, the couples at risk are 1 in 60 and the expected incidence at birth of homozygous fi-thalassaemia is 1 in 250.
Even with this figure, Sardinia shows one of the highest frequencies of f-thalassaemia among Caucasian populations.
The difference between the expected and observed figures of the incidence of Cooley's anaemia in the Cagliari and Oristano provinces probably depends on 2 factors. Firstly, the sampling method was not strictly random, because people with a family history of anaemia may have been more likely to participate in the screening programme. This fact tends to introduce a bias which produces a rise in the true incidence. In this survey, 3 subjects with the 5fP-thalassaemia trait were found. The data showed that the thalassaemia mutation at f locus or 3/1 loci is heterogeneous in Sardinia. In fact, 2 have been ascertained and there are probably more.
However, classic fl-thalassaemia with high Hb A2 is by far the most prevalent, as has been shown in this work.
In accordance with this, all the parents but 2 (who were &5f-thalassaemia carriers) out of 350 Southern Sardinian patients affected by fl-thalassaemia syndromes turned out to be classic fl-thalassaemia carriers.
Further evidence of the prevalence of the /1-thalassaemia trait with high Hb A2 can be derived from the observation that 107 out of 350 patients, randomly selected for globin chain synthesis studies, were found to be homozygous fl-thalassaemia carriers (unpublished results). Since the present survey shows a high incidence of a-thalassaemia in our population, the heterogeneity of ,8-thalassaemia syndromes may depend on the concurrent inheritance of an a-thalassaemia gene which can modify the degree of chain imbalance and reduce the clinical severity of the disease (Kan and Nathan, 1970; Bate and Humphries, 1977) . Less frequently, the interaction between homozygous fl-thalassaemia and heterocellular HPFH gene could result in the same effect, as suggested by Wood et al. (1977) .
Because of the high number of false negative and false positive results, the one-tube osmotic fragility test and MCV assessment cannot be considered reliable for genetic screening for fl-thalassaemia syndromes in our island. Thus, we think the diagnostic scheme proposed by us in the Methods section is necessary to avoid missing carriers.
In the present survey, a patient with Hb H disease was observed and a high frequency of an a-thalassaemia trait was found. It must be taken into account that this incidence figure could be slightly lower, as it is possible with our approach to have diagnosed some fl-thalassaemia carriers with normal levels of haemoglobin A2 and F as a-thalassaemia carriers. In the last 3 years, 24 patients with Hb H disease were observed in our haematological service, which takes care of the population of Southern Sardinia. In general, on the basis of the haematological data and the al/f ratio, the genetics of Hb H disease in Sardinia follow a pattern similar to that observed in Orientals: one parent showing thalassaemia-like red cell indices associated with a low a/f, ratio, and the other haematologically normal with a slight al, chain imbalance (Galanello et al., 1978) . A newborn screening survey of 2291 subjects for the presence of Hb Bart's in the same population revealed a detectable amount, > 1% in about 12.6%. The distribution of Hb Bart's appears to be trimodal: 7.0% of the subjects had 1 to 2% of Hb Bart's, 5.6% had about 3 to 5% of Hb Bart's, and 4 subjects had about 25% of Hb Bart's. However, in the same population Hb Bart's hydrops fetalis syndrome has never been observed (unpublished results).
Further investigations, particularly family studies and follow-up of newborn babies showing Hb Bart's higher than 1% at birth, and cDNA/DNA hybridisation experiments, are needed to determine the molecular pathology of a-thalassaemia in Sardinia.
The gene frequency of a-thalassaemia was not calculated because the problem of the number of a loci has not yet been clarified, at least in Sardinia.
In this screening, a subject with sickle cell trait was observed. One of his grandparents was of Turkish extraction. This confirms previous findings on the absence of the sickle cell trait in the Sardinian population (Siniscalco et al., 1966) .
It is well known that the frequency of the Hb S gene is usually inversely correlated with that of fi-thalassaemia in the populations which show a high frequency of these genes (Barnicot et al., 1963) .
Hb J Sardegna (Tangheroni et al., 1968) has been described on numerous occasions in Sardinia (Macciotta et al., 1969; Tangheroni et al., 1969) . In this survey, 3 subjects with this haemoglobin variant were found, giving a carrier frequency of 1 in 1000. Four unrelated subjects with Hb F levels ranging from 1.5 to 5-2%, with no haematological abnormalities, were observed. This could be a low estimate because our diagnostic scheme can miss some of these carriers.
Since Hb F was heterogeneously distributed among the red blood cells, this condition may be a form of heterocellular HPFH, as recently defined by Boyer et al. (1977) . It appears similar to the Swiss type (Marti, 1963; Knox-Macaulay et al., 1973) , with Hb F heterogeneously distributed among the red cells in the 1 to 2% range.
The Hb F levels in the 1.5 to 5.2% range is the main difference between the type of HPFH described here and that recently reported in a British family, which showed higher Hb F levels segregating in 2 groups with mean values of 19-8% in homozygous, and 8.9% in heterozygous, subjects (Weatherall et al., 1975) .
Family studies, biosynthetic experiments, and Hb F structural analysis, to characterise this haematological abnormality, are in progress.
incidence in Sardinia. 
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